Cone-beam computed tomography (CBCT) is a useful diagnostic tool for identification of both internal and external root configurations. This case report describes the endodontic management of a lateral incisor with both dens invaginatus and external root irregularity by using CBCT. Nonsurgical endodontic retreatment was performed on the lateral incisor with dens invaginatus. A perforation through the dens invaginatus and external concavity was repaired using mineral trioxide aggregate. After 18 mon of follow-up, there were no clinical symptoms. Recall radiographs appeared normal and showed healing of the periapical pathosis. The understanding of both internal root canal configuration and external root irregularity using CBCT can ensure predictable and successful results. (Restor Dent Endod 2012;37(1):50-53) 
Introduction
Dens invaginatus is a dental malformation caused by an infolding of the enamel organ into the adjacent dental papilla during tooth development. 1 According to many studies, dens invaginatus is a rare dental malformation with an incidence of 0.04 -10%. 2 The permanent maxillary lateral incisor appears to be the most frequently affected tooth, and the posterior teeth are less likely to be affected. 1, 3, 4 However, the cause of dens invaginatus is unclear.
The complex anatomy of dens invaginatus makes conservative endodontic treatment of such teeth difficult and unpredictable. Although conventional intraoral periapical radiography is an important diagnostic tool in endodontics for assessing the root canal configuration, it is usually insufficient for understanding the complicated morphology of the root canal system in cases of dens invaginatus. These problems might be overcome by the use of newer diagnostic methods such as cone-beam computed tomography (CBCT). 5, 6 CBCT is known to be a useful diagnostic tool for assessing the root configuration. 7, 8 The use of CBCT aids in evaluation of not only internal root canal anatomy but also external root irregularities, especially those in the buccolingual plane. External root irregularities can be formed naturally or iatrogenically by clinicians (e.g., root perforation). Root perforation is closely related to external root irregularities. It is well known that the presence of concavities on root surfaces increases the risk of perforation. In this respect, appropriate use of CBCT might help in avoiding tragic results during access cavity preparation and canal preparation. Several case reports have described the assessment of dens invaginatus using CBCT. 9, 10 ※This paper was supported by Wonkwang University in 2010.
However, to our knowledge, no case report has described the management of dens invaginatus combined with external root irregularity. This case report describes the endodontic management of a lateral incisor with both dens invaginatus and external root irregularity by using CBCT.
Report
A 46-year-old woman was referred from a private clinic for management of dens invaginatus of the maxillary left lateral incisor. The patient's medical history was noncontributory. The previous dentist created a perforation during access cavity preparation. Clinical examination revealed a non-carious cervical defect incompletely filled with glass ionomer cement ( Figure 1a) .
The maxillary left incisor responded negatively to thermal and electric pulp testing (Digitest Pulptester, Parkell Inc, Edgewood, NY, USA). Periodontal probing revealed a normal and intact periodontium. No mobility was noted, and the tooth was not tender to percussion. The periapical radiograph showed a dens invaginatus with a periapical area of radiolucency ( Figure 1b) . However, the morphology of the invagination was not clear from the conventional intraoral periapical radiograph. To confirm this unusual morphology, CBCT imaging (Alphard VEGA, Asahi Roentgen Ind. Co., Kyoto, Japan) of the tooth was performed. Informed consent was obtained from the patient. Morphology of the dens invaginatus was evaluated from transverse, axial, and sagittal sections of 0.1 mm thickness.
From the clinical and radiographic findings, we diagnosed chronic apical periodontitis of the maxillary left lateral incisor. The CBCT images revealed perforation and external root irregularity on the labial aspect ( Figure 2) . A rubber dam was placed, and the tooth was prepared to provide adequate endodontic access. With the use of a microscope (OPMI pico Dental Microscope, Carl Zeiss, Oberkochen, Germany), 1 root canal and invagination were found.
Working length was determined using an apex locator (Root ZX, Morita, Tokyo, Japan) followed by confirmation with a radiograph. The root canal was cleaned and shaped with ProTaper Universal rotary instruments (DentsplyMaillefer, Ballaigues, Switzerland) under copious irrigation with 2.5% sodium hypochlorite. The finishing of canal preparation was performed until an F2 file reached the full working length. A plug of mineral trioxide aggregate (MTA) (ProRoot, Dentsply, Tulsa, OK, USA) was then condensed into the perforation site. After a cotton pellet was applied, the access cavity was restored with temporary sealing material (Caviton, GC, Tokyo, Japan). At the next appointment, the patient was asymptomatic, and the main root canal was dried and filled with thermoplasticized gutta-percha and sealer (AH Plus, Dentsply DeTrey, Konstanz, Germany) (Figure 3a) . The access and cervical defect were then permanently restored with a universal composite resin restorative material (Z350, 3M ESPE, St. Paul, MN, USA).
After 18 months of follow-up, there were no clinical 
Discussion
Endodontic treatment of dens invaginatus can be challenging because of the bizarre morphology often associated with the condition and insufficient information provided by conventional periapical radiographs. 11 The use of CBCT has provided new capabilities for visualization and treatment of these anomalies. Patel suggested that the true nature of dens invaginatus cannot always be estimated from conventional radiographs and that CBCT is a useful diagnostic tool in the management of this anomaly. 9 Moreover, CBCT is helpful for identification of external root irregularities. Kamburoğlu et al. showed that CBCT images are more useful in detection and localization of external cervical root resorption than conventional film images. 12 In the present case, the tooth showed not only dens invaginatus but also external concavity on the facial root surface, and these anomalies were obvious on CBCT images. With the use of this information, we were able to set up proper treatment strategies, including prevention of additional complications and repair of the present perforation. We found that the perforation had been made by the previous dentist through the dens invaginatus and that it communicated with the external root concavity. Shemesh et al. demonstrated that CBCT scans showed a significantly higher sensitivity than periapical radiographs for detection of strip root perforations, which are also related to external root concavity. 13 Furthermore, CBCT is more useful for detection of perforations in the faciolingual plane than is conventional radiography. In this respect, we can assume that the risk of perforation increases during access cavity preparation when internal malformations such as dens invaginatus and external irregularity coexist and that this iatrogenic complication may be prevented or identified with the aid of CBCT.
MTA has profound advantages when used as perforation repair material because of its superior biological properties and excellent sealing ability. The reports of Main et al. confirm the superiority of MTA as a perforation repair material. [14] [15] [16] [17] In our case, we used white MTA to repair the perforation, because of the potential discoloration effect of gray MTA. According to Asgary et al., the major difference between white MTA and gray MTA appears to be in the concentrations of carborundum, periclase, and especially ferrous oxide. 18 The observed values for each of these oxides is considerably lower in white MTA than in gray MTA. 18 Differences in the observed ferrous oxide concentration are thought to be primarily responsible for the variation in color of the white MTA compared with gray MTA. In this case, we did not observe any tooth discoloration until the 18 months recall.
Conclusions
In the present case, successful nonsurgical endodontic retreatment of a lateral incisor that had dens invaginatus, external root concavity, and iatrogenic perforation was performed with the aid of CBCT. The complete understanding of both internal and external anatomy using CBCT can ensure predictable and successful results. 
